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(54) MANUFACTURE OF SYNDIOTACTIC POLYOLERN AND CATALYST 

(57)Abstract: 

PURPOSE: To provide a syndiotactic polyolefin of high 
crytallinity and wide molecular weight distribution by 
introducing a specific metallocene catalyst to produce 
the syndiotactic polyolefin into a polymerization reaction 
region containing an olefin monomer and polymerizing it. 
CONSTITUTION: A polymer of the present invention is 

prepared by introducing a metallocene catalyst [for ^ •►^ c p » idic p. R ■•>M c Q % 

example, isopropyl (cyclopentadienyl) (fluorenyl) 

zirconium dichloride or the like] represented by a 

formula [Cp is (substituted) cyclopentadienyl ring; Rn is 

a 01 -20 hydrocarbyl moiety; Rm is a 01-20 hydrocarbyl 

moiety; R" is a structural cross link between Op rings to 

impart stereorigidity to a catalyst; Me is a metal of 4b, 

5b, or 6b group in a periodic table; Q is a 01-20 

hydrocarbyl moiety, halogen; 0<k<3; 0<n<4; 1 <m<4; Rm' 

is selected so that (OpRmO and (OpRn) differ sterically] 

into a polymerization reaction region containing an olefin 

monomer [for example, propylene or the like] and 

maintaining a polymerization reaction condition. 
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IS » s 

> > * 9 ^ ^ ^ *j * u 7 4 > ff> u&^m 

R-<C p R.)(C p R'.^Me Qk 

tt^^/:<9rc pfBionQofliad«i!|efli-ci^ 

««jSt^«rW-r6t Ko^iUl^A. SI S X it 
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R '.ace p R '.);JKC p R .yt iL^^iZ 

mm L X ^ X oitm^^n^. 

tzj:->xnSLtfn^'>>':^it9^9-'9^:f^^jyti- 

flIE. 
2 . 

a ) A 

R -CC p R .)(C p R •.)M e Q » 
fiU #C pli*>^D^>^^i;x:=./uXttS!ft;SF 

R , II — X li H o r T t> i: < . . I 
- 2 Oi3ie*iff^t^i"<5t a ^ A. t' 9 

^J:<, l-20iK3PtJS[^V*f-<-*fcKi:i 

* >u f /u ft a.-c 0 ; R'ttmfa^iztLi^m 
ttt <i-r c p ai.<ona>i»ifi»«tji-c j>> 

9;Meft7C«a>»)(8«S(04b« 5b« 
XtiGbSS^^a-C^O ;#Qlil - 20 

iftjKii^^^^'r^e a ft tz A^mmxit 




If 

b) 8lMtt^?l-U'7^ >41fti^^^t;fid£^ 
T C « » 6 

3 - 

a > * 

R "(C p R .)(C p R ••)M e Q ^ 
^CpdV^^aKv^^'jc-A^Xaatt? 

b ) 3g « U x ■> ^ o > ^ >' i V X II » ft 

Me(lx*<0®J« <0 4 b . 5b. X <i 
6 bfiEt^^A-C^*!) ;»Qli ! - 2 O^IR 

t . 5R « U •> ^ D V i V X li a ft # n 
> ^ o V ^ ^ > » ^ « <t ^ ft t » fl; U r 

ft t ^tXMBtizm&^'Chi^ > > * 9 9 ^ 9 



1tRa^2-41303 (2) 

tt^r^^x^-r-OiOC pS8<OP«3<0«Sfi«J5(? 

h 9 :MeU^«(0^fflm$(04 b^ 
5 b. yL\t t b9l0^jK-C«>9 ; »QU 1 
-20K««f^«rWt-St KoAA^f/ua 
»XCl'^o^y-C<>#) ; 0^k^3 : 
n^4 :RC/l^m^4-C*9 ;ac/ 
R-.WCC p R'.)*?(C p R.)^i:flcfi«|C 

T ic » -r 6 

4 . 

n •> ^ o ^ V ^ j:^ > * « -r 4 <o ^ ^ 

oKv^r V'^>^^/U'<VXttttft^Fnfc7 

«c w ffl T o 
:^^m^m^ir n\i ^ ^ ^ -/ .i-r u 

ai<0--:>36«i&oS!l4»5IJi»<c->^:»^Taft? 
Mttri««>r^ Attars ]tils< , XSfftftfflWaf:^ 

R-CCpR.)(CpR'.)MeQ. 
tau #Cpl4>i^o'<>'^/i-/wXJ±Kft? 

n /c •> ^ o K V ^ i ^ /u -c 0 : 

S-R. ZtC/R' . fllsi-XciMnto-CKOv 

1 - 20««isc^t#-r^c Ko/i/wtr/u 

fAeit^M^mmm»<0 4b, 5b« XII 
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t/ \ ^ m ^ 4 -V h ^ i :sii/ 
R*. (iCCpR*. )i»KCpR. '>t iLi^m 

^ttaai-c«fti<Oi:^ic, > V <^ * 9 9 9- ^ 9 

U r -5 . •> > 5^ V ;K U a e u > II 

:^ ^ (Naita)^ i: 0 ile ® ft |R 3 ,2 5 

•> y # ^ ^ ^ .1? y o f u V (f • ^ r 
V^8KOS^»|a>3ieB»«F»3.3 0 5.5 3 8#U> 

(z , ^< ^ -s; X. h u T * ^ A. r * h * - h X u -''^ 

CtT^6. r^y^^f-y^tt-iv^K Cpenta 
d)«r Jtt -r * - >f (Bovcy><0 N M R <r « £g II . 
. . . mmmm. . . T h ^ s ^ m" \± " A 
Cneso)- ^ ^ T K Cdyad)X II 7 31 O |SI C ffi IC J!> 6 

^IC. S5 55'^«<7>li jSi*>'> L -C t, «S (deviation) 

xi±a&e-r*i:. a^«=<or>fy^^^^y^ttR 

^^•j' ^fi'&«cilffi5^?-»l4»iO««J-r6*ftfr* 

VffiOSE2<Oiai::*>'6fi^«t-cJ5>-5o > v ^ 9 
9 y 9 -f o e U > li T 32 : 

CH, CH, CH, CH, CH, 

* >< ^ 
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^ A U "/ ^ (EDrick)cO ^atfMFSR 3.364.1 9 

o^ii^x-^^^^^f-v^sKu^atri^v^jiai 
r * IX * » » «?• ? n /c f- 5^ > X 14 ^ 

cn<boif«F5:«i=Mi5^?nfej:^ic, Aoft 

»±ffl*D<0i:6<C, y y it 9 9 y 9 ^} -f ^ 
«IJII8f?-iriardUTV**>^/PS«:Wr^i* HH5» 

ynidf^ r^v99^y9^*^}-fo}f\^>(n^^ 
f b ^ e ^ 11 T e : 

I I I I I ... 

«s O HI j» 14 T 12 : 



<oj:^ic«^gFn4. NMR4» m ic r 14 . 
::0'<>'5^KI4. . . rrrr. • . ^Jr^irfi 
«?n»S^-r-tt-^Hri (raceaic)- ^ -f T 

5. C <r> m &i it9t\t > y :^ * 9 9 '/ 9 'BlI/ r ^ 
V9 9^^9m^i^<om^i:. ^v'UviCBTS-C 

r^' 9 y ^m^«:llfl[^(*3Ea4»<7)«l9igUi|t 

fiBT<!>6;J5. 7 9 9 y 9 t^M if> X m -C , 

^ t LX 7 ^ V 9 9 f- y 9 5Li± > i:^ it 9 9 9- y 




-/ ^ :tf y ^r- u 7 V <r ^ « -r i )!* a ti 1 9 8 7 

472^^: 1987^* 9^1 lB<t«ttf>*B» 
flFasai*^»096.07S9:RCfl 987^. 

9^ i 1 u ffif oi^mn^WFm^m^m 0 9 5.7 

A«e Wtt<stereorigid)tt J ^ o ^ y (ne ta I I ocen 
e)ttia t 9B^ U T 6 . U *^ U U > V 31- 

i^u>«rfi»^-r*, moifommitr ^ v 9 ^ ^ y 

9 "A"^ Hl^ t X . > > it 9 ^ ^ y ^ "aL-^ w 

w ? n fc . 

*: Jfe 93 «1 •> > 5|- ^ ^ f- ^ .ii y 3^ u 7 ^ V , 

a « a o pataifc^tt^c^iii-^-ciiAo 

* A. -c 1.^ & . 

* ft HI *c J: 0 » ^ # n 6 «ria»a«±TE3S; : 
R-(C p R.)CC p R'.)Me 
®U S-CpW:*>^o^v^':^^-A'Xtt*ft? 

»R.RCfR'.« I - 2 0«*iiC^<r# + 
*t Ko^^fc'A'Bia X h 0 ; R -li C p 



?*I58¥2-41303 C4) 

••• 'I' i 'ii 'iV ••• 

^^tiNMR^^m-Cli 

. . . rrrrrmrrrr r. . . %^"#*^'>' 
y :r 5^ ^ ^ ^ a ^ «^ «r ^ C 6 . y * 9 9 

f- -7 ^ ^ -f ^ t^u><oc:<;5«aic>t^5NMR 

^ U If V y Ciambel I g) Macroao lecu les ^ 
13«, 267-270H(1980)lc^*n 
■cv*&. ifv-^y^ftO^WCirntf. K^^^^tt**" 

<^<a<oiBifeUJb*c*<m-o>y y^rKift<ic 

EW-C<5>iCtfc*UT«r*6. U3>*U» *ft98^ 
M «l eC 50 <0Ao8B^3n/r<)O^»<c6« 

V T * ^ . 

K^R'.llCCpR ••);)KC p R AflcW 

^ <c < t t> — r> ^ mm \^ . vHl*f*:«r^ 
tfa^K«4»«w»JK% « A -i- h :l t ft-hmh > 
:r ^ ^ "7 ^ y u 7 4 V ^ a 1# > V 




* » §8 <± 5! •> ^ o > ^ i > X 11 K ft ? n 
7. >u > t ^ 38 « t >' > ^ o K V ^ jt V X II 

»0 9 6 .0 7 5^RC^»0 9 5 .7 5 5^^CMi5^ 

R "(C p R .>CC p R '.>M e Q » 
(at #Cpldt'>^a'<>^.;;2-A'3tllSft$ 

R.aofR'.li 1 - 2 O^SflC^^r^l-i 
-X tt * <C o r T t> J: ; R -Cl C p H 

aia«5K«TJl>9, 'tUrR*'«i!-4ltt 
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K :^ & (1 H <c 5e « L •> ^ D K > ^ X V t i: 
ffic^ftUfzJ: 9 <c3*;m e Qk<0^«<fc^4bi: «r> 
51 « L /c •> ^ o > i V « <fc C T ?R « y 

* J6 89 II > V * ^ ^ V ^ rt? U U 7 -c > > 

* V M fit «<^a^n^tte«^»o 3 4 .4 7 2-^; 

^ « <n ^ « » 04b, 5b. :5ili6b« 

m ^ 4 r 6 . 
1= J: -5 -C IB i$ 6 r i jj« ie S 6 • > - 4^ 

fk-ch h tz^iz\t. > ^ o * y ftk fllE "t" <o c p aiii , 
— ooc pl!loMK:iJ:«>ttja:«a*t»«-r* J: 7 

<f V- c ;6Sfi.ia # n» «S£ -> r R p R 

p R.)i:?|l5^ii«<c^«|ft||^wriJ: 9 

ftLTt^6S<o»ttij5a3f-r^5 X ^ iz s^t> n ^ . 

differences)" X 11 " It <*e «i »z ft J&r 6 C.sterica 




I ly di f ferent)" t ^ m tH± . ft ^ «c « # fiO 

ffl L , JH » i> •> y 3f y 7 <c K K T « 

% Sff R 6 S Sl^ « vMt ft « S ^ K ^ C l» t'' T 

ti^ h tz h ^ ns cnii^-!'^^«::J:->rM^?n 

e> . JE * IS 19. *c J: 9E«?n*m-&«e<o»is*w 

0(tit<7)*Ht^K^ttSB«^»OO9.7 I 2^R 
Cfi 987^9^1 lBftlt<7>WB»^fll095. 
7 5 5^*rHa«^n/r^«td*» cn^OM^ 



^^»P,3¥ 2-41303 (6) 
c/ku»a<cji2-c*)i3*5. ^aflc^ootti^ 

'N+y^^ -f f- iir ^ it ^ ^ jfi^ s >-^> r 

^^nfcM«l<0*^A^3^^ A IS ftlfic Canal ogue>t) 

ft (prepotyaer tziQg)2t Cf/^XUAktt^J|8M 
jaiaCf;<-^7^ » ftllCprecontact) 

it 9 ^ V ^»lltt<0»a«irA.5 
SdHtlfll. IFatCttT^i.* + 1f>* TA^ + A^TA. 

^ - ^ - CHovard Turner) ^ C jc 4r y v • <r ? 
* ^ • f" X y CExxon Cbenical Patents)lt 01 
987^6^240«'(t<O3-av^< 
4#«F^M^i»»2 2 6.4 6 3^<0»^iri:6r 



6 • 

R(R-AI-0>.-ALR2 

(SU RUlftv»U501K3R«t^-**r-r4rA.:^ 
ft r * 6 . 

i=j:o-cai?n*. ft<>ffai=iiRn>f-A.xr 

V V (O J: <c a ^ /jr « ^ i& L /t . h U > 

^. m<offmu:^mii. i^tmnnm 4 . a o a . z 



»fi3¥2-41303 (7) 
v*-c. Aac^B^«!-r*-«o»<co/:'&«^ife 

0S^a^^^7 ^ X (Vacuua A tBOsphere g love 
o y V ft X (i r ;u + TKt 4fe « <b ^ » <0 » a , 2 ) 

» s <7) I e f> « 6 . mm V tz, r » ? n /i •> 

liaBt»L/i7A.-<v^r> m m L tz > ^ o ^ y ^ 
V j:. V X 11 IS ft U f: >' •> ^ o V 4r c; Jt > t ^ jjj 

^ X i±m» \. tz •> ^ o ^ y ^ i?s.^A^tmmtf 



4:«* + 6*<0T*^. R.RC/R',il#R.2tc/ 
R'bi^^ig — X«Attr>-C#?9* RC/0^a:^4a 

MeCI,TJ!>0. ^^-CMeitnmmiZX-^X 

A- ^ ^ wBli/ y =^ ^ I. c) IT X h h ^ 



tf-*(Manzer), L. ^ 1 nor s . Syn th . ^ 2 1, 13 5- 
36 (1 982) <::E«?n/ii:^»cUT»iS? 
ntt» T IB O 51 26 « »^ K T <± . M e H A. n r: 

^-X\t. &iSL^ it 2 . 2 - ^ )/ -f o \f - C7 it 

mmi- i> tz if> tz ti^ 4 4ff(0.2 5*A.)<O7Ju 
W > 4: «l :^ « « (side arB)S raST « ^ $■ « it 
X :3 tp iz 7< n fz 3 5 0 «ao T H F <c « 

m L fZ o m-^f^iZ^-y-A. (1 .4M) 

A:0.^5^A.<7>>^A.»;^'J^^ (CHiL i> ^ 
23- 




2)<itA./i»* »ttir-7 8^*ri^aiU, 26.5 
^ t; I 0 0 «fl<0 THF«:««*-»ITU/t. ^fe<0 
t 2 0 0 aa<0;Kt: U« lO^nft^U/t^lS 

6i* «a*r*H«fd»aO. C n 5 0 0 BfliO D 
6Cfc«iJ:9 2"0-CIIISA^*4:6fe<0»5»c;d5» 

2 .6 9€<^«3e5acA7 .4 «<?)*:«*C«*CU-CW*'5. 

^UTV*-& :>a> '> ^ a ^ > f i^^:^Jl^^^^V 

2. ^J'S^JIteAo 55ife»^tl 00 mdoy h >w i V 

tZ. pJiV^^'/uai'^Attd^tt-eO^TOiaAflS 
C J: 9 41 Hi U • 

3 - -'<>f*-e'-XCX6^'o-^h^?7'f-« 

509 <;)'<-f*-e-XSM-2C/<>f*-9K 

CB i o-RadlWSE«f»<020-50>'y >a 
O & 4^ {naeroret icutar] Xf-^:/--:^e.=.iU 
'^v-tfv^^m^ttcJta.Oxl.S cm 0> iJ ^ 

<O»&M0t{9f^<7)iftJ9«at^ 1 5 0 - 2 0 O«fl<0 



^^»n3¥2-41303 (8) 

jflEujiiaoe.sg c6.025*A'>^cpEfit 

^ t * C I 0 0 Bfl^O T H F » «t IC , ^ ♦ If V 
(I .6M) 4»^0.05*^ON-yf''«'y^^ 
/.taiT-r*Ci4ii:0»lR^n/t. 2 O O «C<0 
THF4>»C**nfc9.49 C0.025*/i^><0 
Z rC I .-2THFfc. afi:^«9«fc#tK«U 
<«»Utt;*«<!>500 afliO AiS :^ ^ 3 4» C 21 58 
(C^-a-UfflX (cannulate)S^ . « <r 3 5 

-CI 29^M«i*u/i. ait/*tt^feo««taaT 

TE<^»«^tt<^ — -^J^'^ft '^^J** S: ffl v» T « » # 

n : 

ii. «fe A t R c ^r*-cT H F <*>-c^a ? 

n/t. K(£^^ V U f> Cdiliihio) IS 

(0.0 2 5*/!-) JCfflT-C»«t»36L,. 

y 3r »a I 2 5 aflo ^r^aL^cme^^i^^f^© 

*l(B»xmft C0.025*A^) «OH fC 1 . 
S:-78'C-ri 25 afl«0 affc> ^u>«|'T;^^ U 

tf7 ? — a — l^ffA, Ccannu late) 

Lfc. »d»<r-7 8iOT2^M«»U. 

24- 



& <i 5 . 5 0 -Ch-^fz. 

O % « ^ 9f O ^ « ic^rnif. fl*fll(2 48.7gA 

3jc5»365 3/4 5%. IfiJRaiM 3.5 9 %'Bt(/ 7 - 
':yA;J«3 4.l 196-C^*C,,H,,HfCI,<OS 

iki^^miz mm -r ^ h <^ -v p> ^ . Rmiz:^mB 



»fiB ¥2-41303 (9) 

KI4JlWft9 9.9 9%(7)H f C I ««rfflt*T»iS 

& • 

^itm I m^z , XLtfnmin I 8-3 3ow^fi» 
g Bfi gl i 

y a e^v<oa^iijiE(o:35 ^ a c t « jft 
mv«rfft>n/t. Mtt ti » sii A «r ^ tr« r fiift 



0 .7jt«9<<o> ^/uT^ i•3^•*"^^ >cmao>^ 
^A^r^t^yiitt^Kitic^fit^mittia^ UTS 

(Zipperc!ave)Sl£; » IC^jaTfifiJnL. 2JI:v*T| . 

2fl <^«f^7^otrui-«rfiSaiJUAi. 

T, co«^ii20'cc 5 ^« X 9 s^ngim 

mm^mLtz. in 

0 " flt o U 3! i (as pol yaer i zed)** SP ^ * 

* » X (1 fit » ? n -C .if U r a e I 4 

9 t^v^hnfz. 



M n . 4^ 


u V ?f: » 2^ X I . a •> > 




5^ ^ 


» ^ »» s 




( 




t /r . » *i » 


e» » 0 . V ^ ^ 9^ 




9 m 








9 ft 


^ <^ 4: ^ O . 




iZ 




T ^ ^ fT 






>- c 




^ 0 *o\zi^n V. a c/ * •> u 


> 


^» 










» ^ »^ t /I 












T 




9-^9 9.^^ 


^Rt«'rdi6ji&3»< {« n « . 







c j ^ 9 tffl nfc. 9r 1 s^atf 29% 

Tm2 ^ UT«»;SlOW^Oii^;)<«f&?nri^ 
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J: 7 T * -5 . fit Ji et 5ai <f i: 9 , .-H y y o 

tz. m i TT^-r X ^ . mm^ii-cnm^ntz 

J|^i*lcov*-C(±«>Sil| 4 0'C2i(Al 5 0*0^ 

o X as s $ n . 

X (Waters) 1 SOCjfiK-ca^^n/cy^uaa^'o 



«Pi3¥ 2-4 1303 (10) 
IS (1 h y 7 o o ^ > V T . tft a JK II 1 4 0 

MP. a V 53-^ ft T 6 M n . ac/fift^l^^ 

^ftT^i6Mw;5?, ±m:Lfzj&'^1^<n^yi^>^-^ 
i±«aMw/Mni:u-can5e#n6. 

? n /I • 

1 .2.4 - h y^oo^v^fv/d, 
- > -t- V O 2 0 9< » « «t» e » U . >f > ^< - ;t . 
y — hiSWr^^yT'y ^^^^Cin verse gate broad 
band decouplinflt) flfe^rfflv^^T^y a — - (Bru 
ker) A M300WB;^'<^' hD/-^-t(C^U 



^iSStCtransmitter frequency)? 5 .4 7 MHz; 
X ^ -y r ^ - (decoupler)^ is R3 0 0.3MHz: 
/^ /u X ig u 8^ I 2 i> : J«« (acquisition) 
B*/W1.38S':^<^uxft«90* (1 i.S^-f 
jro|^/<yu;^«); >^y --y-^f;;?: (meoiory size) 
74K*'>f>h ; ;^'<^^h^A- - i'K'? (spe 

ciral window), 12195Hz. 7000 «0 jfl 
^(transi ent);»> #lCI#n, T^o-y (probe) 

h^Hl»2iaiC35??nTV-4. J^K^ h^cou* 

x^Hnrn'Sii/m^mit, ^ > u > t,^ h —stn^ 
mif^ \ - AtC'Ou»Tm3«Jc^?n-rv^6o ft» 

® li ^ A (Inoue). Y ^ , Polymer. 2 5 € . I 

6 4 OK (1 98 4) icgaiee^nrv'^^A^yt. 

< (Bernoul 1 i)<0 a % ffl V» , fit IS Ji « <7> J: 
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^ -t: i 5^>frK(r)(7>^<~-tryhll95%-C 

fctti4<;5r y H T h' <r> ^< - > h 9 S % -c h 
0 . 2%Xa^niUT<7>>y (m) ^>frK;>^c> 

;;t'<^h/u<Cj:niir. (m) ^^TKtlf€* 

nmi^ 2 

U/r. settle i7>MAO$:ffi^*r{efflU. 

3 



g iSfi ffl 4 4' u 8 
Iggfi^ 9-16 





4 


txmvki^m t \^x ^ 9 v-cottwa 


C/ ^ a 


h 


^ ^ y < - ^ it.m K^tz . Sli6«l 6 14 


# •> V 














n 


f> <o ® ^ <^ :f ^ ^ 9 fB9(,n 


J& ^ 1 0 


0 




nm 




n (obsd .^NMRXK^h^Px-^ 


fi » 4 S 




^^nxt^ic sisiW2 ORt/2 2C0 


^ <0 




^^5l»«^2 0ac^2 2tci>'v> 


T filift $ 


n 






h 


ntzh^x h ^ . nmm 2 2 - A it ^ 


•> U > 3^ 


h 














XttA 3 2-33 












SaUfi. S^f9^3 2<OM»l(inftg 


9 5< O H 


f 




3 3 <n Ml»t 


(lttJ4%<0Z rC 1 4trAt;ttffi9 5 


9^ <0 H f 


c 




3 2 R 3 


3*c^?n/c*f*T-r, 


ffi ic te o 


X 
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1 7 

^Mfflt 1 8 ac/ 1 9 
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